Abstract. Inferences are often based on uncertain cues, and the accuracy of such inferences depends on the order in which the cues are searched. Previous research has shown that people and computers progress only slowly in individual learning of cue orderings through feedback. A clue to how people (as opposed to computers) solve this problem is social learning: By exchanging information with others, people can learn which cues are relevant and the order in which they should be considered. By means of simulation, we demonstrate that imitate-the-best and imitate-themajority speed up individual learning, whereas a third social rule, the Borda rule, does not. Imitate-the-best also leads to a steep increase in learning after a single social exchange, to cue orders that are more accurate than ecological validity, and to faster learning than when individuals gain the learning experience of all other group members but learn without social exchange. In two experiments, we find that people speed up cue learning in a similar way when provided with social information, both when they obtain the information from the experimenter or in free discussions with others.
In daily life, we frequently make inferences about current and future states of the world. For instance, when New York city taxi drivers pick up customers in the Bronx, Brooklyn, or other dangerous neighborhoods, they need to screen potential passengers to decide whether they are trustworthy. Taxi drivers have to make up their minds quickly. Many report that in cases of doubt, they drive past people to assess them before pickup. An error in judgment means losing a fare, being robbed, or even murdered. Refusing a harmless client, however, means losing money. Inferences concerning trustworthiness are based on uncertain cues, and there are some cues for trust that are shared by virtually all drivers, including older over younger, and female over male (Gambetta & Hamill, 2005) .
In this article, we consider the problem of which of the two alternatives, varying on several dichotomous cues, has a higher value on a quantitative criterion (i.e., a two-alternative forced-choice task), such as which of the two passengers is the more trustworthy one based on cues like age or sex. Research indicates that people often base such inferences on a sequential analysis of a few cues, rather than weighting and adding several of them (e.g., Bröder & Gaissmaier, 2007; GarciaRetamero & Dhami, 2009; Garcia-Retamero, Hoffrage, & Dieckmann, 2007; Lee & Cummins, 2004; Rieskamp & Hoffrage, 2008; Rieskamp & Otto, 2006) . Sequential processing is effective if cues are ordered according to their usefulness rather than randomly (Garcia-Retamero & Dieckmann, 2006) . One formal model for such a process is take-the-best (Gigerenzer & Goldstein, 1996) , which orders cues according to validity, that is, the relative frequency of making a correct inference given that the cue discriminates between the two alternatives. For instance, Bergert and Nosofsky (2007) compared a generalized version of takethe-best with a ''rational'' weighted additive model, and concluded that the vast majority of participants adopted take-the-best. Nosofsky and Bergert (2007) found similar results when comparing take-the-best with exemplar models.
The Problem of Learning Good Cue Orderings
Laboratory experiments using two-alternative forced-choice tasks showed that without explicit knowledge about cue validities, people seem to be rather slow in learning which cues are good and producing orderings that approximate ecological validity, even within the confined range of the 4-6 cues usually available in these experiments (Rakow, Hinvest, Jackson, & Palmer, 2004 ; see also Garcia-Retamero & Hoffrage, 2006 ). Yet the reason for this is not necessarily to be found in people's minds alone but also in the task. For instance, Newell and Shanks (2003) had four cues with ecological validities 0.80, 0.75, 0.70, and 0.69, and gave participants 60 trials to learn a cue ordering. To learn the order of the validities of the last two cues, however, one would need 100 trials in which the third cue discriminates and another 100 trials for the fourth cue in order to experience that one results in 70 and the other in 69 correct inferences, assuming perfect memory. The same problem holds for Newell, Rakow, Weston, and Shanks' (2004) experiment. Thus, learning of ecological cue orderings can be a lengthy process, depending on the number of cues and the differences between cue validities. Moreover, research in multiple cue probability learning suggests that interference effects exist when multiple cues are available and their validities have to be learned concurrently. For instance, if irrelevant cues are present, the utilization of valid cues is reduced and the accuracy of judgments is lower than that in a condition in which the irrelevant cues are not included (Brehmer, 1973; Edgell & Hennessey, 1980; see Newell, Lagnado, & Shanks, 2007 , for a review). How can individuals learn efficient cue orderings if cue validities are not available beforehand?
One could assume that people can use take-the-best and update a cue ordering by using only the cues that they had searched. That is, a cue ordering could be acquired by learning-while-doing. Note that learning while one makes inferences with take-the-best or another lexicographic heuristic (exploitation) demands even more trials than when all cue values for the two objects in each trial are provided, as in Newell and Shanks' exploration phase (see above). The reason it requires more trials is that in each trial, the validity of only one cue can be updated, since the heuristic stops search immediately. This ''worst-case'' scenario is what is addressed in the present article. We first analyze by means of computer simulation which social exchange rules can speed up learning. Then in two experiments we test whether humans take advantage of social learning in ways similar to the simulation.
The question of how a cue ordering is learned has been considered only recently by Todd and Dieckmann (in press ; see also Todd & Dieckmann, 2005) . In a series of computer simulations, the authors evaluated the performance of the validity algorithm, a simple learning rule for forced-choice paired comparison tasks that updates cue orderings by validity on a trial-by-trial basis. The accuracy of the cue orderings resulting from the application of the validity algorithm was tested using the German cities data set, which consists of the 83 German cities having more than 100,000 inhabitants at the time (Fischer Welt Almanach, 1993 ). These cities were described by nine cues such as whether a city has a university (see Table 1 ).
The validity algorithm starts with a random cue ordering and searches one cue at a time until it finds a cue that discriminates between the alternatives, which is used to make the decision (i.e., the algorithm chooses the alternative favored by the first discriminating cue). After each decision, feedback is provided and the cue ordering is updated. The validity algorithm retains two pieces of information for each cue: how often a cue stopped the search (and led to a decision), and a count of the correct decisions. The validity of each cue is computed by dividing the number of current correct decisions by the number of current discriminations. Todd and Dieckmann (in press) tested the performance of the validity algorithm in 100 trials, that is, in 100 paired comparisons that were randomly selected from the set of German cities. There were nine cues. The differences between their validities ranged between 0.01 and 0.15. The authors tested predictive accuracy, that is, how well the cue ordering learned in each trial would do if it were applied to the entire set of the paired comparisons (i.e., 3,403 pairs of 83 cities). The simulation results showed that the validity algorithm performance soon rose above that achieved by a random ordering. Simulated individuals, however, made slow progress in learning efficient cue orderings: Even after updating cue validities through feedback for 100 trials, accuracy remained well behind that when the ecological cue validities were used. This is not just a problem for the validity algorithm, but also applies to other ordering principles that require learning conditional weights such as b weights. The delta rule (used in neural networks) and the validity algorithm were the fastest learning rules, but both needed more than 2,900 trials to match the ecological validity ordering.
In a corresponding experimental setting, Todd and Dieckmann (in press) also showed that, just like computers, after 100 trials, participants were slow in learning cue orderings by validity when they could update such orderings through feedback. This result is in line with the previous findings from two-alternative forced-choice tasks and multiple cue probability learning mentioned above, and shows that learning good cue orderings can take a long time.
Does Social Learning Improve the Performance of Cue Order Learning? A Simulation Study
In contrast to many laboratory tasks, in real-world environments people often exchange information with other individuals before making a judgment. Consider once again the question of which passenger might be more trustworthy. Rather than collecting information only individually, taxi drivers might also discuss with other drivers which cues are more useful. Thus, people could learn to order cues both individually and socially by exchanging information.
In group decision making, several authors have analyzed whether individuals are able to gain valuable knowledge from other group members to improve inferential accuracy. Empirical results show that groups are often more accurate than average individuals (Garcia-Retamero, Takezawa, & Gigerenzer, 2008; Hastie & Kameda, 2005; Hill, 1982; Kameda & Nakanishi, 2002; Kerr & Tindale, 2004) . For instance, even when individuals' quantitative judgments are systematically biased, the performance of the average 1 The resulting (sample-based) cue ordering when using the validity algorithm should not be confused with the ecological validity ordering, as Dougherty, Franco-Watkins, and Thomas (2008) did. The latter is based on the complete knowledge of the environment, whereas the former models people's subjective updating of the ordering of validities based on samples (Gigerenzer, Hoffrage, & Goldstein, 2008) . It is this subjective, sample-based ordering, that is the input to take-the-best or to other cognitive strategies. (Weisberg, 1985) , described by 11 cues (e.g., height at age 9 or leg circumference at age 9) estimates comes close to models that weigh and add cues (see Einhorn, Hogarth, & Klempner, 1977; Hogarth, 1978) . Hastie and Kameda (2005) theoretically demonstrated that following the decision of the majority has the same error-reduction function in discrete decision-making tasks. In a series of computer simulations, they also showed that decisions supported by the majority or by the most capable person in the group achieve higher accuracy than those made by average individuals.
All in all, research in group decision making has identified situations in which group-based judgments are superior to individual judgments. Although previous research has focused on group consensus processes, the findings may be relevant to our research question. Our hypothesis is that the exchange of information can help individuals to solve the problem of learning good cue orderings in less time. To test this hypothesis, we conducted a series of computer simulations in which we evaluated the success of several social rules when they were implemented in the validity algorithm for ordering cues. In two subsequent experiments, we analyze whether people's behavior conforms to the results of the simulations.
Method
In our simulations, we used data for a variety of inference problems that have been studied in different disciplines, including psychology, economics, and computer science. The task was to infer, on the basis of several cues, which of the two objects had a higher criterion value. Altogether we considered eight inference problems (see Table 1 ). The problems differed by the number of objects considered and the number of cues provided for making a decision.
In the simulations, we included three conditions of social learning and two of individual learning. In the three social learning conditions, a group of five simulated individuals went through a trial block of five paired comparisons. In these trials, the simulants individually updated a cue ordering with feedback by applying the validity algorithm while making inferences with take-the-best. In the first trial, simulants started with random cue orderings. For each trial, the corresponding cue ordering was used to look up cues until a discriminating cue was found, which was in turn used to make the decision. After each decision, feedback was provided and the cue ordering was updated. The group as a whole received the same set of paired comparisons, whereas different simulated individuals within a group received different paired comparisons. Therefore, groups in the three social conditions came up with the same cue orderings after the first trial block, whereas each simulant within a group typically came up with a different cue ordering.
After the trial block, simulants exchanged information about the cue orderings that they learned individually with the other group members. All simulants within the group used a social rule, which differed among the three conditions, to arrive at a single social cue ordering (Hastie & Kameda, 2005) . The first social rule was imitate-themajority: Individuals vote for the cue with the highest validity, and the one with the most votes becomes the top cue in the social cue ordering. Everyone then votes for the next best cue, and this process is repeated for all the cues. In cases of ties, one cue is randomly selected. The second social rule was imitate-the-best: Individuals imitate the cue ordering of the most successful group member. Unlike imitate-the-majority, imitate-the-best requires ordinal information about success. Finally, according to the Borda rule (named after the French mathematician Jean-Charles de Borda, who designed a voting system for the French Academy of Science to elect its members), voters rank all cues, and the sum of ranks is taken as the social ordering. Among all three social rules, imitate-the-best involves the least computation.
After exchanging information socially, simulants worked individually on the next block of five trials, in which they looked cues up using the social cue ordering instead of the cue orderings that they had learned on their own. The social cue ordering was then updated with feedback using the validity algorithm on an individual basis. The process of exchanging social information, computing a social cue ordering, and updating the social cue ordering individually was repeated for each of the 20 trial blocks (or 100 trials in total).
For control, we introduced two individual learning conditions. In the Individual-1 condition, each simulant received the same set of paired comparisons as those in the corresponding social learning conditions but did not exchange any information socially. In the Individual-5 condition, each simulant within the group went through the entire set of paired comparisons that the five simulants in the social learning conditions received (i.e., 25 trials in total). The Individual-1 condition is the baseline for evaluating the benefits of the three social learning rules, and the Individual-5 condition enables evaluating whether gains by social rules can be explained solely by the larger number of paired comparisons that a group experiences over an individual.
Predictive accuracy of the validity algorithm was examined for each of the eight inference problems (see Table 1 ) in the five learning conditions (i.e., imitate-the-majority, imitate-the-best, Borda, Individual-1, and Individual-5), providing 40 conditions altogether. For each of these conditions, we simulated 1,000 groups of five simulants, who made 100 decisions between randomly selected paired comparisons (i.e., 20,000,000 observations in total). Figure 1 shows the performance of imitate-the-majority, imitate-the-best, and the Borda rule while learning cue orderings compared to that of Individual-1 (thin solid jagged line) and the more competitive version of individual learning (i.e., Individual-5; thick solid jagged line). The performance of the rules was averaged across the 1,000 groups and the eight inference problems. As benchmarks, the performance of a random ordering of cues (lower straight line) and the ecological ordering (upper straight line) are shown.
Results and Discussion
Both imitate-the-majority and imitate-the-best improved the performance of individual cue order learning substan-tially, with a particular boost by imitate-the-best after the first social exchange. The Borda rule, however, was less successful and did not even reach the performance level of individual learning. Imitate-the-best led to a steep increase in accuracy after the first exchange and eventually made even more correct decisions than can be obtained with the exact ecological cue validities. Most important, imitate-the-best alone led to more accurate decisions than the Individual-5 benchmark did. Since Individual-5 had exactly the same information as the groups who used imitate-the-best, the performance of imitate-the-best cannot be reduced to that of individual learning.
As a second performance measure, we also computed the tau correlation between the subjective cue orderings and the ecological cue validities for each condition. Consistent with the previous analyses, the correlation increased from .25 to .65 and from .23 to .47 when using imitatethe-best or imitate-the-majority, respectively, whereas increments were barely visible when using the Borda rule or the less competitive version of individual learning (i.e., Individual-1). In such cases, correlations only increased from .24 to .27 and from .25 to .30, respectively. When using the more competitive version of individual learning (i.e., Individual-5), the correlation increased from .23 to .55. These results, therefore, are consistent with those presented above and suggest that imitate-the-best is an efficient strategy for improving individual cue order learning, whereas the Borda rule that adds individuals' ranks fails.
Note that the combination between individual learning and imitate-the-best generated cue orderings with higher accuracy than that achieved by ecological validity (Figure 1 ). An individual analysis shows that at Trial 100, 45% of the cue ordering led to more accurate inferences, whereas 34% arrived at orderings that matched ecological validity, and only the other cue orderings performed below. Note that ordering cues by validity is a heuristic rather than an optimizing principle; for instance, ordering by validity ignores the dependencies between cues (Brighton & Gigerenzer, 2008; Martignon & Hoffrage, 2002) . The results in Figure 1 show that imitate-the-best can not only perform better than the validity orderings computed from the sample that an individual has experienced so far, but also better than the ecological validity ordering (which no individual can know unless they have complete information about the entire environment). This suggests that the effect of imitate-the-best cannot be reduced to a convenient speeding up of learning the validity order by indirectly increasing the sample size (see the Individual-5 learning condition), but actually results, on average, in cue-orders that outperform subjective (sample-based) validity and even ecological validity.
How robust are the results of this simulation? First, the average result shown in Figure 1 holds for each of the eight inference problems in Table 1 . Second, we modified two parameters of the basic simulation: the group size (2, 10, 25, and 100 individuals) and the number of trials after which social information is exchanged (5, 25, and 50 trials). The results showed that the higher the group size, the higher the group's accuracy, regardless of the social rule they used. Group size showed diminishing returns; for instance, the increase in accuracy from 5 to 25 individuals was larger than that from 25 to 100. Furthermore, the higher the frequency 
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Individual-1 Individual-5 Figure 1 . Predictive accuracy of imitate-the-majority, imitate-the-best, and Borda rule when implemented in the validity algorithm for 100 trials between randomly selected paired comparisons. For comparison, the performance of individual learning according to validity (Individual-1; thin solid jagged line), a more competitive version of individual learning (Individual-5; thick solid jagged line), ecological ordering (upper straight line), and random ordering (i.e., lower straight line) were added.
of exchanging social information, the higher the performance was in the long run. Again, imitate-the-best proved to be the most effective way of resolving the problem of slow individual learning. For instance, when 10 simulants exchanged information on just one occasion (after 50 trials), this single social exchange was sufficient to achieve the accuracy of the ecological validity ordering. In summary, the superiority of imitate-the-best, as observed in the basic simulation, remained stable with an increasing number of simulants in the group, even when the number of social exchange opportunities was reduced.
Does Social Learning Solve the Limitations of Individual Learning? Empirical Studies
The simulation results provide a theoretical context for empirical studies. Would real people profit from social exchange like the simulated ones did? To our knowledge, there is no experimental research that tests whether social learning improves individual cue order learning. It is also unclear which strategy people use to process social information in cue order learning. To answer these questions, we conducted two experiments using a similar procedure to that used in the simulation study. On the basis of several cues, participants had to infer which of the two objects had a higher criterion value. In both experiments, one group in which individuals learned cue orderings by feedback was compared with groups where individuals received information after each trial block about the cue orderings of all group members. In Experiment 1, the social information was provided by the experimenter, whereas in Experiment 2, no such information was given, but participants were allowed to talk to each other without any constraints. If people's behavior conforms to the results of the simulations, those who can exchange information will learn more efficient cue orderings than those who only learn individually if they use imitate-the-majority or imitate-the-best. As a consequence, they will make more correct inferences and focus on high validity cues more often.
Experiment 1 Method Participants
A total of 240 students (131 women and 109 men, average age 24 years, range 18-35) at the Free University of Berlin participated in the experiment. Participants were randomly assigned to one of four equally sized learning conditions (n = 60). The computerized task was conducted on groups of five individuals and lasted 1 h. Participants received a show-up fee of €8 plus half of the amount they earned in the task, with an average payment of €11 (ranging from €8 to €17).
Stimuli and Design
Participants had to infer which of two job candidates (displayed column-wise) for an open position would be more productive in the future. To make these inferences, they could search for information about six cues describing the candidates (i.e., whether they had organizational skills, social skills, positive letters of recommendation, computer skills, whether they spoke foreign languages, or were reliable). These cues are common for assessing job candidates (see Garcia-Retamero & Rieskamp, 2008; . The cues had a positive or negative value for each candidate, represented as ''+'' and ''À'', respectively. The order in which the cues were presented on the screen was fixed for each group of participants but varied randomly between groups of participants. Likewise, the position of the two candidates (left or right on the screen) varied randomly.
We created an inference problem that consisted of 30 pairs of candidates described by six cues with the cue validities 0.83, 0.75, 0.69, 0.64, 0.58, and 0.50, and cue discrimination rates 0.40, 0.40, 0.43, 0.37, 0.40, and 0.40. The discrimination rate of a cue is the number of pairs in which cue values differ between alternatives. Neither cue validities nor cue discrimination rates were given to the participants. For each group of participants, cue labels were randomly assigned to the different cues. Participants made 210 inferences, broken down into seven trial blocks comprising 30 paired comparisons each. The same set of paired comparisons was presented within each block but in random order. After each trial block, participants ranked cues according to the subjective cue validities. Specifically, participants were told: ''In the following you should rank the cues in the order of their validity. What does validity mean? Suppose one candidate has a positive evaluation and the other candidate has a negative evaluation. The validity tells you how probable it is that the candidate with the positive evaluation is also the candidate who will be more productive.''
The experiment included four conditions. In the socialinformation condition, after ranking cues according to the subjective cue validities, each participant received information about the cue orderings of all the members of his/her group in that trial block. The imitate-the-majority condition was identical to the previous condition, except that participants were also informed about the cue ordering computed according to the majority rule. In the imitate-the-best condition, participants received information about the final payoff of all group members in the trial block in addition to information about their cue orderings. In short, we refer to these three conditions as ''social learners''. Finally, in the individual condition, participants did not receive any information after ordering cues according to the subjective validities.
In sum, the experimental design had two factors: the learning condition (social-information, imitate-the-majority, imitate-the-best, and individual; between-subjects) and trial block, with seven repetitions of the 30 pairs of objects (within-subjects).
Procedure
The experimental instructions told the participants to imagine that they worked for a company that had grown substantially. It was their job to make recommendations for a new personnel. They had to make choices between pairs of candidates and select the one that would be most productive on the basis of six descriptive cues. Participants could search for information about these cues by clicking boxes on the computer screen. Once a box with information on a cue for both candidates was opened, the cue values remained visible until a decision was made. For each cue that was looked up, 1 cent was deducted from a participant's overall payoff. After a decision was made by clicking on a button, outcome feedback was displayed. For each correct decision, participants earned 7 cents; for incorrect decisions, no money was deducted. The current balance of their account was always visible on the computer screen.
Five dependent variables were recorded in each trial: (1) the number of cues searched for, (2) which cues were searched for, (3) the order in which the cues were searched for, (4) whether the decision was correct, and (5) the time that the participants invested in searching for cues.
2 Additionally, after each trial block, participants' cue orderings were recorded according to the subjective validity of the cues.
Results

Do Social Learners Learn More Efficient Cue Orderings
Than Individual Learners Do? Figure 2 shows that in all three social conditions, the tau correlation between participants' subjective cue orderings and the ecological validity ordering increased much faster than in the individual learning condition. In fact, individual learning was quite slow and barely visible, and from the second to the last trial block, social learners achieved higher correlations than individual learners did. Can the benefit of social exchange be explained solely by the larger number of paired comparisons a group indirectly experiences over an individual? To answer this question, participants in the individual learning conditions were randomly assigned to groups of five individuals, and social cue orderings in the artificially generated groups were computed by using imitate-the-best or imitate-the-majority. These groups received the same amount of information than those in the social conditions but did not have the opportunity for social exchange. The correlation between these cue orderings and the ecological validity ordering was computed. As Figure 2 shows, in the artificially generated individual conditions, correlations do not reach the social learning groups. For imitatethe-majority the results are even indistinguishable from individual learning. Overall, these results show that people -like simulants -do indeed learn more efficient cue ordering through social exchange.
Do Social Learners Search for the Most Valid Cue
More Often Than Individual Learners Do? Figure 3 shows the percentage of trials in which each cue was looked up for each trial block. For instance, the most valid cue was looked up by the participants in all four conditions about half of the time before the first social exchange (i.e., after the first block of 30 trials). For each of the social conditions, this percentage increased to about 71-82% after the first social exchange, and continued to increase but at a less accelerated pace up to 80-90%. Individual learners, in contrast, learned to look up the best cue more often over trials, but their average did not reach 70%. A similar but less pronounced effect can be seen for the second-best cue, except for the social-information condition, which had the least social information. On the other end, the least valid cue was looked up before the first social exchange about as often as or more than the most valid one, but this frequency decreased from trial block to trial block in the three social conditions, not in the individual one. The intermediate cues showed no difference. Figure 4 shows a similar pattern for the reaction times, that is, the time between trial onset and the mouse click on the cue. Participants in the social conditions were faster than individual learners at learning to look for the most valid cue and did not look up the least valid cue as quickly. An analysis of variance is consistent with both of these results, showing an interaction between learning condition, the cue ranking, and the trial block, F(46.7, 3,676.2) = 1.52, p = .013, g p 2 = .10, and F(46.7, 3,676.2) = 2.54, p = .001, g p 2 = .10, for frequency and response time, respectively. Degrees of freedom for the analyses containing repeated-measures factors were corrected by using the Greenhouse and Geisser (1959) technique.
Discussion
Experiment 1 showed that social exchange during individual learning speeds up the learning of efficient cue orderings and increases the frequency of looking up the most valid cues as well as the accuracy of inferences. This effect is not due to differences in the amount of information that participants in different conditions searched for, as both social and individual learners searched for the same number of cues (i.e., about 3.5 of the six cues per trial). Experiment 1 could not, however, answer the question of which strategy social learners use, because the social information was provided by the experimenter rather than searched for by the participants. In the real world, we rarely receive a summary of other individuals' cue orderings but would have to approach people to obtain information. To test whether the results general- Correlation Imitate-the-majority Imitate-the-best Social-information Individual-majority Individual-best Individual
Blocks of 30 trials Figure 2 . Correlation between participants' subjective cue rankings (after each trial block) and the ranking according to ecological validity across the seven trial blocks in Experiment 1. Error bars represent one standard error.
ize to situations in which people can freely communicate, we used a group discussion setting in Experiment 2.
Experiment 2
In this experiment, participants had no constraints on the information they could talk about. Would participants naturally engage in exchanging information about relevant cues in this situation? If so, would social learners prefer to imitate the most competent group member or to aggregate social information by using the majority rule?
Method Participants
A total of 120 students (55 men and 65 women), whose average age was 26 (range 19-39), participated in the experiment. Participants were randomly assigned to one of two equally sized learning conditions (n = 60). The computerized task was conducted in groups of five individuals and lasted 1 h. Participants received a show-up fee of €8 plus half of the amount they earned in the task, with an average payment of €10.40 (ranging from €8 to €15).
Design and Procedure
The instructions and the procedure of Experiment 2 were identical to those of Experiment 1, except that the three social conditions were replaced by a discussion condition. Specifically, after each trial block, individuals ranked cues according to subjective cue validity and then met in groups of five individuals to converse freely for 10 min. Participants were not instructed on what to discuss. Afterwards, the group members had to agree on a cue ranking according to cue validities. In contrast, in the individual condition, participants did not meet or exchange any information with other individuals. In sum, the experimental design had two factors: the learning condition (discussion and individual; between-subjects) and trial block, with seven repetitions of the 30 pairs of objects (within-subjects).
Results
Do Participants in the Discussion Condition Learn More Efficient Cue Orderings Than Those Who Learn Individually? Figure 5 shows that all conditions (including the artificially generated ones) started out with about the same tau correlation between participants' subjective cue orderings and the ecological validity ordering, but thereafter, the correlation increased much faster in the discussion condition than in the rest. As in Experiment 1 (Figure 2 ), individual learning was quite slow, and from the second to the last trial block, social learners achieved higher correlations than the individual learners did. This result, which cannot be explained solely by the larger number of paired comparisons a group indirectly experiences over an individual, shows that participants can learn by means of free discussion as efficiently as simulated individuals or real individuals who receive the relevant information prepackaged by the experimenter. 
Which Strategy Did the Participants Use When They Exchanged Information?
Results showed that the correlation between subjective cue orderings and the cue ordering of the most competent group member increased from .26 (SEM = 0.07) to .58 (SEM = 0.07) from the first to the last trial block. In contrast, the correlation with the cue ordering of the majority only increased from .26 (SEM = 0.06) to .35 (SEM = 0.06). Furthermore, the analyses of the recorded conversations that participants had in the discussion sessions showed that in 65.7% of the sessions, at least one participant mentioned information about payoffs. These results are consistent with the hypothesis that participants exchanged information about their payoffs in the group discussion sessions and imitated the cue ordering of the best group member.
Do People in the Discussion Condition Search for the Most Valid Cue More Often Than Individual Learners? Figure 6 shows, for each trial block, the percentage of trials in which each cue was looked up. The most valid cue was looked up by the participants in both conditions equally often before the first social exchange (i.e., after the first block of 30 trials with feedback). For the discussion condition, this percentage increased to about 80%, whereas this number remained around 65% for individual learners. For the less valid cues, participants in the discussion condition learned to avoid these faster than those in Experiment 1 (Figure 3 ). Figure 7 shows a similar pattern for the reaction times, that is, the time between trial onset and the mouse click on the cue. Participants in the discussion condition were faster than individual learners in learning to look for the most valid cue and did not look up the least valid cue as quickly, replicating the corresponding result in Experiment 1. An analysis of variance is consistent with both these results showing an interaction between learning condition, the cue ranking, and the trial block, F(13.4, 1,575.0) = 3.98, p = .001, g p 2 = .10, and F(13.4, 1,575.0) = 1.55, p = .04, g p 2 = .04, for frequency and response time, respectively. These results replicate those in Experiment 1 in a situation where participants could gather information by talking freely with other group members.
Do People Who Exchange Information About the Task Make Correct Inferences More Often Than Those Who Learn Individually?
Inferential accuracy increased from 64% (SEM = 0.20) to 73% (SEM = 0.31) in the discussion condition. In contrast, inferential accuracy only increased from 65% (SEM = 0.20) to 67% (SEM = 0.35) in the individual condition. From the third to the last trial block, participants in the discussion condition achieved greater accuracy than participants in the individual condition. Consistent with these results, an analysis of variance with percentage correct as the dependent variable showed an interaction between the learning conditions and the trial block, F(4.6, 543.5) = 3.27, p = .008, g p 2 = .05. When social learners were able to discuss the task freely with other group members, they also became more frugal (i.e., they searched for less of the available information) than individual learners in making inferences. This result, along with the increase in inferential accuracy, explains why participants who exchanged information obtained a higher overall payoff than those who learned individually (€9.50 vs. €8.90). 
General Discussion
In this paper, we addressed the problem that individual learning to order cues by feedback is relatively slow, as demonstrated by the previous experiments and computer simulations. By means of simulation, we showed that individual learning can be expedited by two social rules, imitate-the-majority and imitate-the-best, but not with the Borda rule. Moreover, imitate-the-best, unlike imitate-themajority, was more accurate than ecological validity and was also better than Individual-5, that is, an individual with all the learning experience to which all group members are exposed. In two experiments, the improvement observed in the simulations was replicated for real participants, both when the relevant social information was provided by the experimenter and when it was not, but the participants were able to engage in free discussion. Overall, these findings suggest that imitate-the-best and imitate-the-majority, but not the Borda rule, are efficient strategies for improving individual cue order learning. Results in the group experiments further indicate that imitate-the-best is a prime strategy when people exchange information about cue orderings. 1st 3rd 5th 7th 1st 3rd 5th 7th 1st 3rd 5th 7th 1st 3rd 5th 7th 1st 3rd 5th 7th 1st 3rd 5th 7th 1st valid cue 2nd valid cue 3rd valid cue 4th valid cue 5th valid cue 6th valid cue Seconds Discussion Individual Figure 7 . Time between trial onset and the mouse click on the cue depending on cue ranking (most to less valid cue) and the trial block in Experiment 2. Figure 6 provides a hypothesis about a key difference between social and individual learning of cue orderings. Previous theories on individual learning assumed a simultaneous updating of the entire order of N cues, either by updating validity or by other means such as tally and swap (e.g., Todd & Dieckmann, 2005) . That would suggest that the speed of learning is about equal for all cues, regardless of whether the cues are relevant. However, Figure 6 shows that when people can freely exchange information, they learn to search for the best cue more frequently after the first exchange, and there is little further learning. In contrast, learning for the second cue occurs mainly after the second social exchange. In the course of learning, all the cues with lower validity are searched for less often, apparently in keeping with a more continuous decrease in the percentage of trials that are searched. The pattern suggests that in situations with unconstrained social exchange, people try to determine the best cue first and the second-best only later, and so on. This observation provides a different view on cue learning than does the picture of simultaneous updating of validities, or more generally, weights, as in Bayesian probability updating. Learning cue ordering is assumed to be sequential: First, try to establish what the best cue is out of N cues. Then, using the remaining N À 1 cues, determine what the second-best cue might be. Such a sequential procedure reduces the problem space quickly, and allows for a stable ordering that does not require constant updating. This corresponds well with the observation that in laboratory tasks, participants tend to settle into a routine at some point, that is, move from an exploration-oriented phase to an exploitation phase (Bröder & Schiffer, 2006 ; see also Betsch & Haberstroh, 2005 , for a summary).
Social and Individual Learning
Open Questions
To the best of our knowledge, the present paper is the first to propose that social learning can help individual cue order learning. At the same time, it leaves several questions open for future research. Although our results were robust across the inference problems in Table 1 and are also applicable to various learning algorithms reported by Todd and Dieckmann (in press), they may depend on the nature of the task. Other authors (e.g., Hastie & Kameda, 2005) investigated how the members of a group who made decisions individually arrived at a collective decision. That is, they focused on social learning of decisions. In contrast, our focus was on social learning of the information that individuals use to make decisions. Despite these differences, we all found that cognitively simple social rules perform better than individual learning. Which social rules improve individual learning in other tasks, where learning is slow, still needs to be studied. Other open questions relate to the fact that our experiments embodied an ideal situation where feedback was given after each individual trial and was always correct, and external search rather than internal search in memory was used. If feedback is scarce and partly erroneous, as in many aspects of our lives, or if inferences are made from memory, individual learning can be expected to slow down even further than shown in Figures 2 and 4 . Is the benefit of social learning here comparable to what we found, or is it equally slowed down? In situations where feedback is scarce or when inferences are made from memory, will people still tend to imitate the successful member, or rather the majority? Furthermore, participants in the experiments had to learn about an environment in which the cue validities varied, but not the discrimination rates. If discrimination rates also vary, then a combination between validity and discrimination rate, such as success (Martignon & Hoffrage, 2002; Newell et al., 2004) , is a viable alternative principle for cue ordering. In this case, one could learn through social exchange about which cues allow decision making more often, that is, have higher discrimination rates, or greater success. We do not know of any research that addresses these questions.
We began this research with the question: What social learning rules can speed up individual learning so that cue orders approximating the ecological validity order can be found faster? The results indicate that there is an interesting follow-up question: Which social rules can improve orders beyond ecological validity, and why?
Social Learning as Part of the Study of Bounded Rationality
According to Gigerenzer and Selten (2001) , bounded rationality asks two questions: What are the heuristics in the adaptive toolbox? And, in which environments is a given heuristic ecologically rational? The study of heuristics, both for preferences (Payne, Bettman, & Johnson, 1993) and for inferences (Gigerenzer, 2008) , has focused to a large degree on individual decision making, and initially paid little attention to the question of how heuristics and their building blocks, such as cue orderings, are learned. Recently, the question of learning has been addressed by a number of researchers (e.g., Brighton & Gigerenzer, 2008; Rieskamp & Otto, 2006) , but predominantly in the form of individual reinforcement learning. Yet increasingly evident are the limitations of mere individual learning, including the lack of reliable feedback in many situations, the potential dangerousness of individual learning by feedback in matters of food and health, and the relative slowness of individual learning even if feedback is ideal and safe. These environmental factors that limit the efficacy of individual learning call for special attention to forms of social learning in the study of bounded rationality. The research presented in this article does not abandon individual learning, but tries to open up a perspective on how people rely on both individual and social learning to improve their heuristics over time. It also shows an area of intersection between the research on group decisions and the human tendency to conform to the majority's behavior. By integrating these various theoretical strands, we might eventually better understand how people mix social learning with individual learning, and how this mix depends on the structure of the social environment.
